Abstract-In this work the heat conduction through rarefied gas, in the slip flow regime, between two concentric cylinders is studied. The heat transfer between a heated tungsten wire and a surrounded rarefied gas (N 2 ) has been studied numerically. Gas temperatures range from 300 K in envelope region to 3000 K at the filament. This work has been carried out using the CFD (Computational Fluid Dynamics) commercial Fluent. The LPBS method proposed in Fluent for implementing slip conditions is used.
I. INTRODUCTION
HE problem of heat conduction through rarefied gases, confined between coaxial cylinders is very frequent in several technological applications, such as Pirani and diaphragm gauges for instrumentation, monitoring and control of vacuum processes or micro heat exchangers in microfluidics [1] . In addition, it has been used for a long time to define the thermal conductivity of gases and to investigate energy accommodation and temperature jump [2] .
When the flow is slightly rarefied (Springer (1971) : 0.1 < K n < 0.01, Devienne (1965) : 0.1 < K n < 0.001), the gas does not behave entirely as a continuum. The collisions between the gaseous molecules and the solid surface become more important, and velocity slip as well as temperature jump effects develop at the boundary due to inefficient gas/solid momentum and energy transfers. The flow field will be described by the Navier-Stokes equations, together with velocity slip and temperature jump boundary conditions (slip flow regime). In the slip flow regime, the Knudsen layer has an essential role. The Knudsen layer is a region of local nonequilibrium, it is observed in the vicinity of any gas flow surface. In non rarefied flow, the Knudsen layer is overly thin for having any considerable influence, but in the slip flow regime, it should be taken into consideration [5] .
Rarefied gas flow simulation is possible in commercial CFD code Fluent by means of the "Low Pressure Boundary Slip" (LPBS) [6] . The choice of temperature jump and velocity slip boundary condition is made by a Maxwell's first order model with an expression of the mean free path adjustable via the value of the Lennard-Jones length. The LPBS method in slip Souheila Boutebba is with the Department of Chemistry, Constantine 1 University, Constantine, ALGERIA (corresponding author's phone: 213550848771; e-mail: bouteb.souha@yahoo.fr).
Wahiba Kaabar is with the Department of Chemistry, Constantine 1 University, Constantine, ALGERIA (e-mail: w_kaabar@yahoo.co.uk). flow regime has been used for modeling triangular and trapezoidal microchannels for predicting slip velocity by Pitakarnnop and al [6] .
The aim of the present work is to analyze the steady-state heat transfer through a rarefied gas, in the slip flow regime, between two coaxial cylinders. This work has been carried out using the CFD (Computational Fluid Dynamics) commercial Fluent [7] . The LPBS method proposed in Fluent for implementing slip conditions is used.
II. PROBLEM FORMULATION AND NUMERICAL SIMULATION
The heat transfer between a heated tungsten wire having a diameter d=1.58 mm, disposed along the axis of a cylindrical envelope in Pyrex having a diameter D= 75 mm, and a filling rarefied gas (N2) has been studied numerically.
Boundary conditions are set equal to 3000 and 1500 K for the inner cylinder (wire) and 300K for the external cylinder. A filling pressure (10 Pa) is used to maintain a slip regime flow and consequently a conduction heat transfer inside the enclosure. The transport properties of the fluid (viscosity, thermal conductivity, and heat capacity) are specified as temperature dependent polynomials [8] - [9] .
A semi-circular is simulated exploiting the vertical symmetry plane of the enclosure. A non-uniform grid is created with18496 quadrilateral cells. This grid is refined near boundaries to improve the temperature gradients calculations (Fig.1) . The effect of the number of cells has been tested, showing no particular consequence on the results.
The numerical simulation is performed using finite volume method. Double precision calculations are done with second order discretization scheme for a better accuracy.
By solving the Navier-Stokes and Fourier equations, the socalled code allows the implementation of the slip boundary conditions by the LPBS method. Maxwell's model is adopted in FLUENT. The mean free path, λ, is computed as follows [7] :
Where KB is the Boltzmann constant, T the temperature, P the pressure and σ the Lennard-Jones characteristic length of the gas.
The limit which identifies the region of application of the Navier-Stokes equation is specified by the Knudsen number, which defines the degree of rarefaction of a gas: Where Lc is is a characteristic device length In our case Lc = (D-d) which represents the radius in our calculations.
The velocity slip is calculated as follows:
(4) Here, U and V represents the velocity component that is parallel and normal to the wall, respectively. The subscripts g, w and c indicate gas, wall and cell-center velocities. δ is the distance from cell center to the wall.
is the momentum accommodation coefficient.
The temperature jump is may be found as follows: (5) or equivalently (6) Where (7) α T is the thermal accommodation coefficient. The subscripts g, w and c indicate gas, wall and cell-center velocities. δ is the distance from cell center to the wall. Fig.2 shows the influence of the Momentum accommodation coefficient on the temperature distribution while setting the value of unity for the thermal accommodation coefficient [10] - [11] , in the frame of the Maxwellian model. Three values (0, 0.5 and 1) has been used and no influence is observable. A value of unity for the momentum accommodation coefficient has been used in all calculations Fig.2 : Influence of the momentum accommodation coefficient on temperature distribution Fig.3 shows the contours of temperature, density and the velocity vectors of the filament temperature of 3000K, it can be seen that the temperature (Fig.3(a) ) at its maximum in the vicinity of the filament and gradually decrease to reach its minimum at the external wall. The distribution of the density (Fig.3(b) ) is opposite of that of the temperature, the heating of the inner cylinders causes a decrease in the density in the vicinity of the inner hot wall which creates a local difference in the density and therefore in the mass of gas from the inner to the outer wall. The velocity vectors shows that even thought the magnitude of the velocity is low inside the enclosure its maximum is reached at the outer cylinder (8.3.10-5). Fig.3 (c) shows that there is a macroscopic movement of the gas that was created, from the inner to the outer cylinder. The amplitude of the oscillation rises with the temperature filaments (Fig.6) .
By comparing the temperature profiles (Fig.4) for both filament temperatures filament (Tf =3000K and 1500K), it is clearly seen that the temperature jump increases with the filament temperature, but the qualitative behavior is similar for both temperatures. The behavior of the density profiles is shown in Fig.5 . It can be shown that the density increases monotonically from the inner hot wall to the outer cold wall. This is in good agreement with the temperature results. Fig.2 shows the influence of the Momentum accommodation coefficient on the temperature distribution while setting the value of unity for the thermal accommodation coefficient [10] - [11] , in the frame of the Maxwellian model. Three values (0, 0.5 and 1) has been used and no influence is observable. A value of unity for the momentum accommodation coefficient has been used in all calculations. The heat conduction through rarefied gas at rest contained between two concentric cylinders is studied numerically on the basis of the Navier-stokes-Fourier equations. The simulations have been carried out in the slip regime for Knudsen number Kn=0.02 and two high temperatures of the inner cylinder.
The behavior of the temperature, density, and velocity are analyzed. It is found that that the temperature jump increases with the filament temperature, but the qualitative behavior is similar for both temperatures. The influence of the Momentum accommodation coefficient on the temperature distribution is studied. Three values (0, 0.5 and 1) has been used and no influence is observable. A value of unity for the momentum accommodation coefficient has been used in all calculations.
The LPBS method proposed in Fluent for implementing slip conditions is verified for the case of concentric cylinders.
